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Nucleotideexcisionrepair（NER）isarobustdefbnsemechanismtoremoveUV-damagedlesionsinDNA・Ｉｎ
Ｓｌｚｃｃｈａｍ"qWescelセツiSiUJe,theRad7p/Radl6pNERcomplexmediateshistoneH3acetylation(H3Ac),whichresultsin
chromatinremodelingrequiredfbrefficientNER，UV-inducedH3AcoccursviaGcn5phistoneacetyltranferase
(HAT).AlthoughSch伽suzcdbam"qyceMo"ObepossessesNERgeneshomologoustothoseofSLcclセツisiUze,theNER
pathwayhasnotbeenextensivelyinvestigated･ＴｏｅｘａｍｉｎｅｔｈｅｒｏｌｅｏｆｃｈｒｏｍａｔｉｎｒｅｍｏｄｅｌｉｎｇｉｎＳＬｐｏｍｂｅＮＥＲ,ｗｅ
ｍｅａｓｕｒｅｄＨ３ＡｃｏｆｔｈｅｗｈｏｌｅｇｅｎｏｍｅafterUVirradiation･ＴｈｅｅｆＹＣｃｔｏｆＨＡＴｉｎｈｉｂｉｔｏｒｓＣＰＴＨ２ａｎｄＭＢ－３ｏｎｔｈｅ
ｒｅｐａｉｒａｃｔＭｔｙｏｆＵＶdamagewasalsomeasured、Ｇｃｎ５ｐａｎｄＡｄａ２ｐａｒｅｃｏｍｐｏｎｅｎｔｓｏｆａＳAGAchromatin
remodelingcomplex･Weexaminedtheinvolvementofduulbz2inNERandUV-dependentH3Ac・UnlikeSLcel℃wsJdzsc，●●
Ｈ３ＡｃｄｉｄｎｏｔｐｌａｙａｃｒｕｃｉａｌｒｏｌｅｉｎＮＥＲｉｎＳｐｏ"06ecellsunderourexperimentalconditions･Theseresultsimply
difTCrencesintheinitialstepofNERbetweenSce”ｗｍｄｕｓｅａｎｄＳＬｐｏ"１６２．●●
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Introduction
Nucleotideexcisionrepair(NER）isaversatile
DNArepairpathwaythatremovesabroadspectrum
ofDNAlesionsthattendtodistortthedoublehelix，
ａｎｄｉｓｗｅｌｌｋｎｏｗｎｆｂｒｉｔｓｒｏｌｅｉｎｔｈｅｒepairof
UV-inducedphotodamage（FriedbelgeM/､，2006；
Naegeli＆Sugasawa,2011).NERhastwodistmct
sub-pathways:globalgenomeNER(GG-NER）and
transcription-coupledNER(TC-NER).GG-NERcan
removelesionslhrougｈｏｕｔｔｈｅｇｅｎｏｍｅｗｈｉｌｅ
ＴＣ－ＮＥＲｉｓｓｐｅｃializedtorepairlesionsfi･omthe
transcribedstrandofactivegenes，Recently，ｗｅ
ｆｂｕｎｄｔｈａｔｂｏｔｈＧＧ－ａｎｄＴＣ－ＮＥＲａｃｔivitiesin
Sbﾉjjzosaccﾉ？”o"qycaspo"'6enotonlytargetbulky
DNAhelix-distortmglesions,butcanalsoeffectively
removeAPsitesandsubtlebasemodifications
(Kanamitsu＆meda,2011;Sakulaiem/､,2015)．
TheSZJccﾉi”o"ｑＷｅｓｃ”ev〃αeR4D7andjMDJ6
genesareessentiaｌｆｂｒＧＧ－ＮＥＲ（VerhageeZaﾉ.，
1994;Reederα/､,1999)DeletionoftheMD/６gene
decreasedtheacetylationlevelsofhistoneH3atLys9
andLysl4,indicatingthatRadl6p-dependenthistone
H3acetylation(H3Ac)representsanimportantstage
duringGG-NER（TengeML，2008)．Rad7pand
Radl6pfbrmaproteincomplexwithAbflpand
probablymediateUV-inducedH3Ac，whichresults
inchromatmremodelingrequiredfbrefficient
GG-NER（Ｙｕｅｒａﾉ.，2011；ＷａｔｅｒｓｅＭﾉ.，2012)．
UV-inducedH3AcoccursviaGcn5histone
acetyltranferase（HAT)，whichisessentialfbr
efficientNERatsomeyeastgenes（ＷａｔｅｒｓｅＭﾉ.，
2012）Ｓｐｏ肋epossessesアノｉｐ７ａｎｄｌ/V,/‘genes，
whicharehomologsofHcelevZsjａｅＲｄＤ７ａｎｄ
ｊＭＤ/dgenes，ICspectively、TheRhp7p-Rhpl6p
complexdetectsUVphotolesionsthroughoutthe
genoｍｅａｎｄｔｒａｎｓｆｅｒｓｔｈｅｌｅｓｉｏｎｓｉｔｅｔｏｔhe
Rhp41p-Rhp23pcomplexintheinitialstepof
GG-NER（LombaertseMﾉ.，1999；LatypoveMﾉ.，
2012).However,theprecisefUnctionoftheNER
compｌｅｘｉｎｃｈｒｏｍａｔｉｎｒｅｍｏｄｅｌｍｇｈａｓｎｏｔｙeｔｂｅｅｎ
4８ MiyukiSusuKI,ShinjiKAwANoandShogoIKEDA
TablcLYeaststrainsusedinthissmdy．
StrainGenotype Source
EDO665
FY18796
FY19692
MSO4
ﾙｰα［た6-Ｍ210ﾉb"ﾉｰ322《、ｲｰＤ１８
ﾉi~cmb-M387化"ﾉｰ32"、ｲｰD1Mip7::ﾉhJ"ＭＸ５
ﾙｰα血2::Am7MY"ｍ４Ａ１３２"Ｗ－Ｄ１８
ｈ~“わ2::AmMYWm4-A13"、ｲｰD1Mip7::"、４
ＡＴＣＣＮｏ９６９９３
ａＹＧＲＣ
ａＹＧＲＣ
Ｔｈｉｓｓｍｄｙ
BY4742Ｍ7,,ｶＭA1,ノセ〃△０，bAE2AO,〃p３ＡＯ JThenno
ａＹＧＲＣ:YeastGeneticResourceCentcr
bThermo:ThcrmoFisherScicntifnc
ascertained
ToexaminetheroleofchromatinremodelmginSL
pom6eNER,weexaminedtheacetylationofhistｏｎｅ
Ｈ３ｄｕｒｍｇＧＧ－ＮＥＲｏｆＵＶｐｈｏｔｏｌｅｓionsin8po碗6e
cells・TheeffectofHATinhibitorsonrepairactivity
fbrUVdamagewasalsomeasuredAda2pand
Gcn5parecomponentｓｏｆａＳＡＧＡ（Spt-Ada-Gcn5
acetyltransferase）chromatmremodelingcomplex
whichiswellconservedamongeukalyoticcells
(Koutelouejaﾉ.，2010)．Weexaminedthe
involvementofad上J2mGG-NERandUV-dependent
H3Ac・ＵｎｌｉｋｅｉｎＳＬｃｅ７ｅｖなｊａｓｅ，thecrucialroleof
H3AcwasnotobseｒｖｅｄｄｕｒｍｇＧＧ－ＮＥＲｏｆＳｐｏ〃be
underourexperimentalconditions．
PureChemicalIndustries)．Genotypesofresultmg
progenywereａｎａｌｙｚｅｄｂｙＰＣＲ
2.3．Innnunologicaldetectionofacetyl-histoneH3in
theoverallgenome、
Histoneproteinswereextractedfbnnyeastwith
alkalinesolution・YeastcellswerecoUected，
suspendedmO1NNaOH(１０１LL/mgwetweightof
cells)withvigorousmⅨ､9,andmcubatedfbrlOmin
atroomtemperature・AftercentrifUgationatl2,ＯＯＯ
ｒｐｍｆｂｒ５ｍｍ，thepelletwasresusupendedm
saInplmgbuffer(0.25Msucrose,２％SDS,６．３mM
TiPis-HCl,ｐＨ6.8,ａｎｄ0.725M2-mercaptoethanol;３
１LL/ingwetweightofcells)．Protemswere
fiactionatedbyl2.5％SDS-polyacIylamidegel
electrophoIesis，andtransfelTedontoaHybond-P
blottmgmembrane(GEHealthcale).Themembrane
wasmcubatedmblockmgsolutioncontainmglxTBS
(l0mMTTis-HC1，ｐＨ７５，０．１５ＭＮａCl)，0.1％
TWeen20，ａｎｄ５％nonfatdlymilk（Difbo）with
gentleshakingfbrlhAcetyl-histoneH3
(Lys9/Lysl4)antibody（CellSignalingTechnologO/）
wasdilutedl:1,OOOwithblockingsolution，and
incubatedwiththememblaneat4oCovemight・TY1e
membmnewaswashedwithTBS/Ｔ（l×TBS
containi､90.5％Tween20),andmcubatedwiththe
HRP-labeledanti-Iabbitlgantibody(GEHeallhcare；
1:5,000)ｆｂｒｌｈ・AfterwashingthemembIanewith
TBS/T，acetyl-histoneH3wasvisualizedusmgthe
ECLPlusWestemBlottingDetectionSystem（GE
Healthcare)．hnagesofchemilummescencewere
createdwithhageQuantLAS-4000ｍｉｎｉ（GE
Healthcare).HistoneH4wasvisualizedasaloading
controlusmghistoneH4antibody（Sigma-Aldrich，
1:5,000)．
２.MaterialsandMethods
2・LStrainsandmedia、
YeaststlainsusedinthisstudyarelistedmTableL
SLpo碗bestrainswereroutinelygrownoｎＹＥＡ
ｍｅｄｉｕｍ（0.5％yeastextract,３％glucose,and60
1LLg/mLadenine).Ｈｃｅｌ･ewsJaecellswereculturedm
YPDmedium(1％yeastextract,2％polypeptone,2％
glucose)．
2.2.ConstructionofMJ2MAp7Moublemutant、
ThegenomicsequenceoMip7wasamplifiedwith
thefbllowingprlmers:５'一ＴＣＴＣＡＡＧＧＴＡＴＣＡＡＴ
ＧＣＴＴＣＡＧＣＡＴ－３’ａｎｄ５ＬＴｒＡＴｒＧＡＡＣＴＴＣ
ＡＣＧＣＣＣＴＡＴＣＡＧＡ－３'・TY1egenefTagmentwas
thensubclonedmtopGEM-Tvector（Promega）ｂｙ
ＴＡｃｌｏｎｍｇ.Ａ1.7-kｂ〃7αイgenewasalsoamplified
fiPomthepUR18plasmid(ATCCno77297)usmga
PCRprimersetwith印ａＩｏＭ９ｐ"Irestrictionsites
(5'‐ＡＡＣＧＧＣＡＣＣＴＡＴＡＴＧＴＡＴＧＣＡＴＴＴ
ＧＴＧ‐3’ａｎｄ５'‐ＧＡＧＡＧＧＴＡＣＣＡＣＣＡＡＴＧＴ
ＴＴＡＴＡＡＣＣＡＡＧ－３'）andsubclonedinto
pGEM-T-Iflp7digestedwith印ａＩａｎｄＡｑＤ"ＬＴhe
r/lp7::"'αイDNAfagmentwasamplifiedbyPCRand
usedtotransfbnntheadn2Ahaploidstrainusingthe
WakoSpo〃6eDirectTransfbnnationKit（Ｗａｋｏ
2.3.Survivalassay・
Ｓｐｏ碗6ｅｃｅｌｌｓｗｅｒｅｇｒｏｗｎｍＹＥＡｍｅｄｉｕｍｕｎｔｉｌ
OD6oooftheculturereachedLO、Celldensitywas
detenninedbyaZ1particlecounter（Beckman
Coulter),ａｎｄａｄｊｕｓｔｅｄｔｏＬＯｘ１０７ｃｅｌｌｓ/mＬｗｉｔｈ
AnalysisofDNAdamage-inducedhistoneH3acetylationduringnucleotideexcisionrepairofSchjzosqccAumomycespo伽ｃ４９
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IWj1蕊蕊蕊＜Ｈ３Ａｃ＜Ｈ４ |ｉｉｉ鍵鱗|ＩFigblDNAdamage-inducedH3Acinyeastcclls.(A）Scel9eWMJeBY4724cellswcrecultuｒｅｄｉｎＹＰＤ
ｍｅｄｉｕｍｕｍｉｌＯＤ６ｏｏｏｆｔｈｅｃｕlturereachedLO・The
cellswerewashedwithPBS，ａｎｄresuspendedwith
PBSatadensityof２．０×107cells/mLTenmLofccll
suspensionwastransferredtoaPetridishwitha
diameteｒｏｆ８３ｍｍ，andirradiatedwith254-nmUV
lightatvariousdoses・Thecellswerecollectcd，
resuspendedin2mLofYPD,andincubatcdat28oC
fbrlhwithshakingThehistoneproteinswcle
extractcdandacetyl-histoneH3wasdctcctedas
describedintheMaterialsandMethods．（B）
Acctyl-histoneH3inspom6eEDO665cellswas
detectedinthesamewaydescribedabovelexceptthat
YEAmediumwasusedfbrcellculture,InthCcaseofa
lowUVdose(bottompanel),histoneH4wasusedas
theloadingcontrol．
Fig.２.EffectofaHATinhibitorCRTH2ontherepair
ofUV-damagedDNA.(A)AcutecxposureofCRTHZ
SLpo"6eEDO665cellswereculturedandinndiated
withUVlightinthesamewaydescribedinFig・LThe
cellswerecollected,resuspendedwith2mLofYPDin
thep1℃Sence(closedbar)orabscnce(hatchedbar)ｏｆ
ｌＯＯｕＭＣＰＴＨ２，andincubatedat28oCfbr4hwith
shaking、ThecellswcredilutedlO-fbldseriallyin
sterilizedwater,andthedilutentscontaininglｘ１０５ｔｏｌｘ１０３ｃｅＵｓｗｅｒｅｓｐｒｅａｄｏｎｔｏYEAmediumAfter
culturingfbr3dayscellviabilitywascalculatedfiPom
thenumberofcolonies・Resultsalcthemean士ＳＤｆｂｒ
ｔｈ1℃cexperiments.(B)ChroniccxposureofCRTH2S
po"Z6eccllswcreculturedandirTaｄｉａｔｃｄｗｉｔｈＵＶｌｉｇｈｔｉｎｔｈｅｓａｍｅｗａｙｄescribedabovc・Aftermeasuringcelldensitywithaparticlecounter,３×１０１to3x104cclls
werespottedontoYEAmediumcontainingvanous
concentrationsofCPTHZPhotographsofcolonics
weretakenaftcr3daysofgrowthat28･C
indicatmgthatUV-mducedH3Acm8c〃ewsJae
couldbeconfilmedusmgourdetectionsystem
describedmtheMatelialsandMethods・Ontheother
hand,wedetectedacetyl-histoneH3mtheＳｐｏ〃6e
wholegenome，butnosignificantchangem
acetylationleveｌｓｗａｓｏｂｓｅｒｖｅｄｂｙｖａｒｙｍｇｔｈｅＵＶ
ｄｏｓｅ(FiglB).AlterationsmDNArepairtimeafter
UVdamagedidnotaffecttheacetylationlevels．
sterilizedwater、ThecellsweredilutedlO-fbld
seriallyfromlOItolO-3insterilizedwater，TYle
dilutents(３ＵＬ)containing3×101to3xlO4cells
weIespottedontoYEAmedium,andirradiatedwith
254-nmUVlightusingaUVcrosslinker(FS-1500；
FunakoshiInc.）equippedwithanintemal
photodetectorfbrmeasunngtheUVdose・
Photoglaphsofcoloniesweretakenａｆｔｅｒ３ｄａｙｓｏｆ
ｇｒｏｗｔｈａｔ２８ｏＣ．
３.ResultsandDiscussion
3.1.DNAdamage-inducedH3AcmSpo碗6ecells、
Ｉｎ８ｃｅｌ･ewsJae，acetylationofhistoneH3was
obsewedfbllowingUVilTadiationintheoverall
genomeasweUasattheregulatolyregionofa
specificgene(ＴｅｎｇｅＭﾉ.,2008).ToexamhleDNA
damage-inducedH3AcｍＳｐｏ腕6ecells，weflrst
developedannnmunologicaldetectionsystemfbr
acetyl-histoneH3usmganalkalineextractfiPom
UV-ilTadiatedSLce7evなjａｅｃｅｌｌｓ（Fig.１Ａ)．The
amountofacetyl-histoneH3intｈｅｗｈｏｌｅｇｅｎｏｍｅ
ｗａｓｍａｘｉｍａｌａｔＵＶ－ｄｏｓｅｓｏｆ３００ｔｏ６００Ｍｎ２，
3.2．EffectofHATinhibitorsontherepaｉｒｏｆ
ＵＶ－ｄａｍａｇｅｄＤＮＡ
ＩｎＨｃｅ１．ｅＶ〃αe，ＧＣ/VヴisessentialfbrefTicient
NERatsomeyeastgenesandUV-inducedH3Ac
ocCursviaGcn5pHATactivity(WaterseM/､,2012)．
CPTＨ２ （cyclopentylidene-[4-(41-chlorophenyl）
thiazol-2-yUhydrazine）ａｎｄＭＢ－３（(2S,3Ｒ)-4-
methylidene-5-oxo-2-propyloxolane-3-carboxylic
acid）arewell-knownsmall-molecularHAT
inhibitoIBthatmodulatetheGcn５ｐｎｅｔｗｏｌｋｊｍＷｏ
■ ●ＤＢ
ヨルコ.=．
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responsiblefbrH3AcoftheoveraUgenome(Fig3B)．
However,UV-dependentH3Acwasnotobservedin
anycellstested
lnconclusion，ｗｅｅｘａｍｍｅｄｔｈｅｒｏｌｅｏｆＣｈｒｏｍａｔｉｎ
ｒｅｍｏｄｅｌｉｎｇｉｎＧＧ－ＮＥＲｏｆＨｐｏ腕6ecells,Ｕｎｌｉｋｅｍ
Ｓｃ”evjsj“e,ＵV-inducedH3Acwasnotobserved
du血ｇｅａｒｌｙｓｔｅｐｓｏｆＧＧ－ＮＥＲｏｆＳｐｏ碗6eunderour
experimentalconditions・HATinhibitorsCPTH2and
MB-3didnotafTecttherepairactivityofUVdamage
NoappalcntinvolvｅｍｅｎｔｏｆａｄＺＪ２ｉｎＧＧ－ＮＥＲａｎｄ
ＵＶ－ｄｅpendentH3Acwasobserved・Thesedataimply
differencesinthe、itialstepofNERbetweenboth
yeastspecies，ＳＬｃｅ７ｅＷＳｊａｓｅａｎｄＳｐｏ腕ｂｅ・Further
studiesareneededtoelucidatethepreciseroleof
chromatinremodelmgdurmgSpom6eNER．
A） ＵＶ(J/m2）
(100J/m2〉 ｑＨ３Ａｃ
＜Ｈ４
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Fig.３．GeneticinteractionoMqp7andα〃２during
rcpairofUV-damagedDNA．（A）WTccllsand
variousmutantsweregrownovernightinYEA、
SurvivalassaysfbrUVirradiationwerecalTiedoutas
describcdintheMatcrialsandMethods.（B）Aftcr
inPadiationofUVlight(100J/m2),acctylatedhistone
H3inthewholcgcnomcofWTccllsandvarious
mutantｓｗａｓｄｅｔｅｃｔｃｄｉｎｔｈｅｓａｍｅｗａｙｄｃｓｃｒｉbedin
FiglHistoneH4wasuscdastheloadingcontroL
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